Objective: To evaluate the feasibility of using a new home cardiorespiratory recording device (HCRD) in children.
A
BOUT 10% of preschool children snore habitually, 1 and it is estimated that about 1% to 3% of children have symptoms of obstructive sleep apnea syndrome (OSAS). 2 In children, obstruction of the upper airway is usually caused by hypertrophy of the adenoids and tonsils, and treatment with adenotonsillectomy is simple and effective. 3, 4 Because of the potential complications of OSAS, [5] [6] [7] [8] it is important to distinguish simple snoring from snoring accompanied by OSAS. Based on the clinical history alone it is not possible to make this distinction. [9] [10] [11] Currently, overnight hospital-based polysomnography (PSG) has generally been accepted as the gold standard in the diagnosis of OSAS, but this evaluation is expensive, time-consuming, and not uniformly available. 12, 13 Therefore, reliable alternative means of diagnosing OSAS are needed. Various portable monitoring systems have been developed in an attempt to meet this requirement.
The aim of this study was to evaluate the feasibility of the single-night use of a new home cardiorespiratory recording device (HCRD) to assess for OSAS in children who snore.
METHODS

PATIENTS AND STUDY PLAN
Feasibility was assessed in terms of (1) the number of technically acceptable recordings and (2) the number of successful recordings (ie, recordings with sufficient artifact-free signals to allow scoring of the PSG and to make a diagnosis). Children were recruited by otorhinolaryngology (ORL) surgeons in 2 academic clinics and 7 general ORL clinics from January 2001 to September 2001. Eligible patients were children aged 2 to 7 years scheduled for adenotonsillectomy to treat habitual snoring and/or possible OSAS. All children had a Brouillette obstructive sleep apnea score of −1 or higher.
come of the cardiorespiratory recording. Exclusion criteria were previous tonsil surgery, fever on the day of recording, neurologic or craniofacial abnormalities, and inability of caregivers to understand the Dutch language. All eligible patients were invited by a telephone call from 1 of us (P.J.P.P.) to participate. When interest was confirmed, the investigator arranged a home visit to explain the recording procedure. All caregivers gave written informed consent.
RECORDING DEVICE
The HCRD (Embletta PDS; Flaga hf Medical Devices, Reykjavik, Iceland) was used to record respiratory movement, nasal airflow (pressure transducer), heart rate (pulse), oxygen saturation, and body position (internal sensor) according to international guidelines. 12 The recorded signals from the sensors were displayed in Somnologica version 3.0 (Flaga hf Medical Devices) as traces: thorax, nasal flow, pulse, oxygen saturation by pulse oximeter (SpO 2 ), and gravity trace. We assessed the quality only of the thorax, nasal flow, and SpO 2 traces because pulse signal and oxygen saturation were derived from the same sensor.
Caregivers were instructed how to place and remove all sensors, to start the HCRD by connecting the sensor adapter to the device at the usual bedtime, and to continue recording for about 14 hours. The day after the recording, the investigator revisited the caregivers and asked about problems with the device and the sensors. All children were scheduled for adenotonsillectomy regardless of the sleep study results, and no further cardiorespiratory recordings were planned.
POLYSOMNOGRAPHY
The minimum duration for overnight recordings on sleep apnea evaluation in adults is 360 minutes, 12 but for children no such criteria are set. 13, 14 We chose a minimum duration of 390 minutes recorded total sleep time (TST) as the criterion for a technically acceptable recording. The TST was defined as the period between the beginning and the end of sleep as determined by the regularity of the breathing pattern and measured by respiratory movement and body position.
Within the TST, the duration of time with artifacts (ie, noninterpretable signal for at least 2 minutes) was determined per trace separately. Then the duration of artifact-free signal present simultaneously in the 3 examined traces was determined. Successful recordings were those with 390 minutes of artifactfree signal present in 3 traces simultaneously within the TST. Only for successful recordings were the apnea-hypopnea index (AHI) and oxygen desaturation index (ODI) calculated manually. The AHI was calculated as the number of apneas (obstructive, central, and mixed) and hypopneas per hour of artifactfree TST. The ODI was calculated as the number of desaturations per hour of artifact-free TST.
Apnea was defined as a reduction in the airflow signal to below 10% of the reference amplitude for at least 10 seconds. Hypopnea was defined as a reduction in airflow signal to below 50% of the reference amplitude for at least 10 seconds. Oxygen desaturation was defined as either a 4% or greater decline in oxygen saturation or any saturation below 90% for at least 10 seconds. According to Guilleminault et al, 14 mild OSAS is defined as an AHI ranging from 1 to 5, moderate OSAS as an AHI ranging from 6 to 25, and severe OSAS as an AHI of more than 25.
STATISTICAL ANALYSIS
Recordings were evaluated separately by 2 of us (P.J.P.P. and S.v.d.B.) who are experienced in assessing cardiorespiratory recordings. Interobserver agreement was tested in a random sample of 8 recordings evaluated by both investigators for duration and location of artifacts. For normally distributed data, results were expressed as the mean (SD). For data that was not normally distributed, results were expressed as median and interquartile ranges. The interobserver variability was assessed using the Cohen value. 15 The study protocol was approved by the institutional medical ethical review board of the University Medical Center Utrecht.
RESULTS
Of 53 eligible children, 24 (45%) participated in the study. Reasons for nonparticipation were refusal of caregivers (n=16), adenotonsillectomy no longer indicated after a treatment with antibiotics (n = 3), and logistic reasons (n=10) (eg, surgery scheduled before recording could be planned). Most of the participants had moderate to severe adenotonsillar hypertrophy (Table) .
The HCRD was installed in 24 homes. The recording results proved to be technically acceptable in 18 (75%) of these 24 cases. Six of the recordings failed: in 2 cases, technical problems caused the failure; in 2 cases, the children did not tolerate the sensors; and in 2 cases, the caregivers switched off the recording prematurely. The mean (SD) age of these 6 children was 3.7 (1.4) years. Among the 18 technically acceptable recordings, 7 were successful by our definition of 390 minutes of artifact-free signal present in 3 traces simultaneously. The mean (SD) age of these 18 children was 4.3 (1.6) years. For these 7 recordings, the AHI and ODI of the 1 child with severe OSAS were 26.5 and 11.5, respectively; for the 1 child with moderate OSAS, 20.3 and 13.3, respectively; and for the 5 children diagnosed as having mild OSAS, from 0 to 2.8 and from 1.1 to 3.7, respectively.
Most artifacts were found in the nasal flow trace. For the 18 technically acceptable recordings, the median cumulative duration (interquartile range) with artifacts in the traces was 12.5 minutes (0-22.3 minutes) in the thorax trace, 14.0 minutes (0-406 minutes) in the SpO 2 trace, and 218 minutes (62.3-459.8 minutes) in the nasal flow trace. In 8 of the 18 recordings, the duration of time with artifacts in the nasal flow traces was between 50% and 100% of the recorded TST. Fourteen (58%) of 24 caregivers reported that the nasal cannula caused irritation. The oximetry sensor caused difficulties in 7 recordings. In 3 cases, the connection between the sensor and the sensor adapter was lost. In 3 recording procedures the respiratory sensor shifted from the chest to the abdomen.
Characteristics of Participants and Nonparticipants
Interobserver agreement in evaluating the recordings was excellent. The Cohen value was 0.91 for the thorax trace, 0.83 for nasal flow trace, and 0.90 for SpO 2 trace.
COMMENT
Interest in home-based PSG is growing because hospitalbased PSG is costly and time-consuming. To replace hospital-based PSG, however, the home-based monitoring device should be reliable and well tolerated by the children. In the present study with the Embletta PDS HCRD, despite careful instructions, only 7 of the 24 recordings were successful. All of these children had some degree of OSAS.
Only 45% of the caregivers agreed to participate in our study. Jacob et al 16 reported a similar participation rate of 53%. The participants in our study were older and had higher obstructive sleep apnea scores than the nonparticipants. As a result of our selection criteria, a high proportion of positive tests (OSAS present) could be expected among the participants, but this does not necessarily influence the feasibility of home recordings. It is likely that similar selection would play a similar role in everyday practice.
In contrast to the use of the sensors of this HCRD in adults, children did not tolerate these sensors well, or they were attached inadequately despite careful oral and written instructions to the caregivers. Like Goodwin et al, 17 we found the nasal cannula to cause the most discomfort and produce the most artifacts. Apparently, the attachment procedure as a whole at home is demanding for the children and the caregivers. We believe that the tolerance of the sensors could be improved if the children would sleep with the nasal cannula for a few days before the actual recording to grow accustomed to it being in place.
Contrary to reports on the effective use of portable systems for diagnosing adult OSAS, 12, 18 detailed reports on HCRDs for childhood OSAS are scarce, and definitions of successful recordings and duration of artifactfree signal vary greatly. We chose a rather strict level of 390 minutes with artifact-free signal in 3 traces simultaneously because (1) we could not interpret artifacts because we had no video recording, electroencephalogram, or electromyogram, and (2) the software we used did not discriminate between the parts of the recording to be rejected and those to be analyzed. This latter ability would have been desirable because the plethora of artifacts ruled out automatic analyses. 19 Jacob et al 16 reported an 83% success rate but did not provide a definition of a successful study; all successful recordings were classified as interpretable. Goodwin et al 17 reported an initial technically successful recording rate of 91%. In their study, a minimum of 240 minutes of artifact-free signal was considered sufficient compared with 390 minutes in our study. Naturally, if we would have used less strict criteria, our percentage of successful recordings would also have been higher than the current 29%, but this would make our study less sensitive.
Another explanation for the difference between the present results and those of Goodwin et al is that Goodwin et al used older children (aged 5-12 years). However, in accordance with Goodwin et al, 17 we also found that the results of technically acceptable recordings were better among older children: the mean (SD) age of the participant with a successful recording was 5.4 (1.5) years vs 3.6 (1.3) years for unsuccessful recordings.
Probably the most important explanation for better results in the studies of Jacob et al 16 and Goodwin et al 17 is that the equipment in those earlier studies was set up by a qualified technician. This has been shown to improve the success rate. 20 We chose to instruct the caregivers to set up the equipment to reflect daily practice, but apparently this resulted in more technical problems. A controlled study with a larger sample size should be performed to compare the use of the HCRD with help of caregivers vs technicians.
Important in this context is a discussion about the costs of home-based PSG vs hospital-based PSG. In the Netherlands, this comparison was undertaken recently in a project sponsored by the government (SENTER [Agency of the Dutch Ministry of Economic Affairs], the Netherlands, 2001). The costs of home-based PSGs were found to be 150 Euro less per measurement than those of hospital-based PSGs, and, even more important, bed availability in the pediatric intensive care ward improved.
Based on the literature 21 and our present finding that the oximeter sensor gave the best results, nocturnal pulse oximetry could be very useful as a first screening modality in children. Pulse oximetry is easy to apply, reliable, and inexpensive. 21 In conclusion, HCRD use to evaluate OSAS in children scheduled for adenotonsillectomy is not very effective. Under the conditions of our study, which were designed to reflect everyday real-life conditions, the device is of only limited use.
